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Abstract

A simple, precise and accurate isocratic reverse-phase liquid chromatography method with programmed wavelength detection has been
validated to quantify DRF-4367 and Phenol red, simultaneously for application in rat in situ single pass intestinal perfusion study to assess
intestinal permeability of DRF-4367, a novel cox-2 inhibitor. The method was validated on RP C-18 analytical column. Mobile phase consisted
of sodium dihydrogen orthophosphate (pH 3.2, 0.01 M)—acetonitrile—methanol (30:50:20, v/v/v). The developed method has a short run time
of 12 min with a flow rate of 1.0 ml/min. The injector volume was set tquP@nd acquisition was carried out using a PDA detector while
processing was done by timed wavelength extraction. The percentage R.S.D. and recovery in all studies indicated that the method was
suitable for the intended purpose. The validated method was found to be linear and precise in the working range. Suitability of storage at cold
temperature was ensured along with complete sample recovery.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction development to prevent late surpri$2ks Of all permeability
screening methods, in situ intestinal perfusion study offers a
An estimated 40% of new molecular entities fail to be simple and relevant method of permeability assessment and
new drugs because of poor biopharmaceutical properties,correlates very much with the true absorption properties in
namely solubility and permeabilitjl]. Permeability is an ~ human being$3]. The method primarily involves perfusing
important factor, which governs absorption of orally admin- a short intestinal segment (jejunum) with a known concen-
istered drugs. Solubility is easily quantifiable in vitro and can tration of the test substance in physiological buffer; the outlet
be manipulated by formulation strategies, while permeability concentration of the test substance is estimated from the per-
is more complex to be altered for improved performance in fusate at the distal enfd]. The difference of concentration
human beings. Hence, screening of drug candidates for per-n inlet to outlet is translated to effective permeability val-
meability properties is imperative to select right candidate for ues. The concentration changes could also be affected by the
water content of the intestine, calling for use of volumetric
N markers that have zero permeability like Phenol[g§dThe
DRL Publication no. 443 . -
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F,C orthophosphoric acid (Merck, G.R grade, minimum purity
Vi 88%) and HBCD, pharma grade (Cavasol W7 pharma,
N, Wacker chemical, Germany).
N
~ .
0 2.2. Equipment

OH ) . )
H,NO,S Waters alliance 2695 separations module appended with
2996 PDA detection system, Waters Empower software, Ver-

Fig. 1. Molecular structure of DRF-4367, a novel cox-2 inhibitor. sion 5.0, Thermo Orion Model 420A+ pH meter.

2.3. Chromatographic conditions

in the order of 5-5@g/ml (10-10QuM), which calls for a
reliable and reproducible analytical method. As can be an-  |nertsil ODS-3 RP C-18 (250 mm 4.6 mm, 5.m) was
ticipated, the role played by the analytical method, is of ma- ysed for the validation studies. The column temperature was
jor significance and the process of method development andset at 35 C. Freshly prepared mobile phase was filled in the
validation has direct impact on quality of data. A validated reservoirs and run in an isocratic mode. The mobile phase
analytical method shown to have the capacity to keep the was run at a flow rate of 1.0 ml/min with a run time of 12 min
fundamental characteristics deemed essential for successfubnd an injection volume of 201. Acquisition was carried out
study. with PDA detector in the wave length range of 210—-600 nm;

In this study, we report a validated HPLC method for extraction of chromatograms was carried out by timed wave-

simultaneous determination of DRF-4367 and Phenol red |ength at 421 and 245 nrity,axof Phenol red and DRF-4367,
in intestinal perfusate. DRF-4367, a novel cox-2 inhibitor, respectively.

is a diaryl pyrazole derivativeFHg. 1), shown to have
a low bioavailability of 20% at dose of 100mg/kg in i .
rats[6]. 2.4. Preparation of mobile phase

Permeability properties of DRF-4367 by rat in situ in- . . .
testinal single pass perfusion study were evaluated as pos- 1 hemobile phase used for the chromatographic separation
sible limiting factor in poor oral bioavailability. DRF-4367 ~ comprised of aqueous buffer, acetonitrile and methanol in the
has low solubility in the pH range of 2—10, posing the chal- ratlc_J of 3_0:50:20 (v/viv). Agueous buffer solution contaln§
lenge of formulating the solution in physiological buffers Sodium dihydrogen orthophosphate (pH 3.2, 0.01 M) and its
for perfusion[7]. As a result a 0.16% hydroxy prop@- pH is adjusted with 10% orthophosphprlc amq _and filtered
cyclodextrin (HBBCD) solution is used. Although the use of through a 0.2m PVDF membrane using a Millipore vac-
N-methyl pyrrolidone has been practiced for insoluble drug Uum filtration system and degassed by sonication. Organic
substances, our approach to use3@P was mandatory be- solvents filtered through 0.32m (PVDF) filters were also
cause this drug was formulated in BED vehicle to enhance ~ USed after degassing.
solubility and the use of HFCD at such levels (0.16%) is
less likely to impart permeability changgs. The method 2.5. Sample preparation
was validated with respect to linearity, precision, storage-
stability, system suitability and recovery in presence of perfu-  Stock solution of DRF-4367 and Phenol red was prepared
sion matrix. The parameters and validation protocol adopted py dissolving accurately about 20 mg of DRF-4367, Phenol
in this work is not necessarily in accordance with ICH or red and combination in methanol. The stock solutions were
US FDA guidelines but to suit the intended scientific investi- further diluted serially with mobile phase to get the required

gation. concentrations. All standards were freshly prepared for every
study.
For recovery studies, formulation of DRF-4367 and Phe-
2. Materials and methods nol red in 0.16% HBCD solution was prepared at a con-
centration of 1 mg/ml each in combination and aliquots of
2.1. Materials the formulation was spiked into the blank rat intestinal per-

fusate. Vortexing was done for 5 min. The samples were di-
DRF-4367 was synthesized by the discovery chemistry luted with mobile phase in the ratio of 1:1 and centrifuged
division of Dr. Reddy’s Laboratories Limited, Hyderabad, at 10,000 rpm for 15 min. The clear supernatant was filtered
India. Phenol red, water soluble pH indicator (Qualigens), through 0.22.m PVDF membrane filter into HPLC vials and
methanol (Merck, HPLC grade, Lichrosolv), acetonitrile injected for analysis. All the validation studies were carried
(Merck, HPLC grade, Lichrosolv), sodium dihydrogen or- out with respect to DRF-4367, Phenol red individually and
thophosphate (ExcelaR grade, Qualigens, Mumbai, India), in combination.
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2.6. Linearity experimental conditions for 24 h. Another set of samples was
subjected to three cycles of freezing-at °C and thawing to

Five standard concentrations of 10, 20, 50, 100 and room temperature (22 2°C) in cycle duration of 24 h. Both

200pg/ml covering the entire range of expected concen- the studies were carried out at three concentration levels of

tration in perfusate were prepared by serially diluting a 10, 25 and 5@.g/ml in triplicates. Peak area of the analyte

200p.g/ml solution of both. Accurately about 20 mg of DRF-  in test solutions and freshly prepared standard solution were

4367 and Phenol red was weighed and was dissolved incompared in terms of % R.S.D. of test samples against mean

100 ml of mobile phase. Combination of DRF-4367 and Phe- with fresh samples.

nol red was made by dissolving about 20 mg of both DRF-

4367 and Phenol red in 100 ml of mobile phase. All the solu- 2.11. Recovery

tions were filtered through 0.2ém PVDF filters into HPLC

vials. All the injections were carried out in triplicate. Recovery is the ratio of amount of compound of interest
analyzed to theoretical amount present in the medium. Rat
2.7. Precision jejunal segment was perfused with freshly prepared Tyrode’s

buffer and collected at the outlet. One milligram per millilitre
The precision of an analytical procedure expresses theformulation of DRF-4367 and Phenol red prepared in 0.16%
closeness of agreement (degree of scatter) between a series 6#PBCD solution was spiked in aliquots of intestinal blank
measurements obtained from multiple sampling of the sameperfusate to get a concentration of 10, 25 ang.g0nl. The
homogeneous sample under the prescribed conditions. Presamples were prepared in triplicates. The resultant solutions
cision was considered as system, method precision and rewere vortexed for 3 min and diluted 1:1 with mobile phase

peatability assay. and centrifuged at 10,000 rpm for 10 min after thorough vor-
texing. The clear supernatant was filtered through Q@2
2.8. System precision and method precision PVDF filter into HPLC vials and analyzed in triplicate in-

jections. Another set of neat standards in mobile phase was

System precision was determined by analyzing six repli- prepared and injected in triplicates. The recovery was deter-
cates of 10@vg/ml of DRF-4367, Phenol red and their com- mined by comparing the peak areas of the spiked rat perfusion
bination from the same homogenous solutions. The % R.S.D.extracts and neat standards prepared in mobile phase.
was calculated for the replicates as a measure of system
precision. For method precision five independent solutions,
100p.g/ml each of DRF-4367, Phenol red and their combi- 3. Results and discussion
nation was injected; the variation in the results was estimated

in terms of % R.S.D. of the determinations. Initial method development trials to optimize mobile
phase for better resolution of Phenol red and DRF-4367 were
2.9. Intermediate precision done with aqueous buffer (pH 3.2) and acetonitrile. Zero to

twenty percent of methanol was tried by incorporation in

Intermediate precision was assessed at four concentrationsnobile phase to enhance peak resolution and symmetry. It
(10, 25, 50 and 10Q@g/ml) covering specified range. Allthe  was found that the peak symmetry and maximum separation
injections were carried out in triplicates. Intermediate preci- could only be achieved at the mobile phase composition of
sion was considered at two levels, intra day and inter day. sodium dihydrogen phosphate (pH 3.2, 0.01 M), acetonitrile

Intra day precision data were obtained by analyzing three and methanol in the ratio of 30:50:20 (v/v/v).
sets of freshly prepared standardsinone laboratoryinoneday. Flow rates of 0.5, 1.0 and 1.5 ml/min indicated that at
The chromatographic peak areas were compared and the %4 ml/min, the peak symmetry was better and has shown good
R.S.D. between measurements was estimated as a measuresolution of Phenol red and DRF-4367 with RT values of
of intra day precision. 4.6 and 5.9 min, respectively.

Inter day precision was measured as % R.S.D. between Anax 0f Phenol red and DRF-4367 were found to be 421
analysis of standards described in method procedure on thre@and 245 nm, respectively. In order to get a maximum peak
consecutive days in the same laboratory; all the standards anadesponse, the extraction of the PDA acquisition was carried
mobile phase were freshly prepared for the assay. out by programmed/timed wave length corresponding to the

Amax at the respective RT, as shownhig. 2
2.10. Bench top and freeze thaw storage-stability
suitability studies 3.1. Suitability of method

The suitability of sample storage at lower temperature and  Chromatographic parameters such as resolution, selec-
holding on bench top during the perfusion study and prior to tivity and peak asymmetry were satisfactory for both the
processing was evaluated. The bench top stability study wascompounds given inTable 1 The calculated resolution
carried out by holding one set of samples on the bench topbetween DRF-4367 and Phenol red was not less than 2.90
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Fig. 2. Representative chromatogram of DRF-4367 and Phenol red individually and in combination.

and selectivity was above 1.3K’ values were found to  3.2. Linearity

be greater than 3 for both Phenol red and DRF-4367,

respectively. Number of theoretical plates (per meter of the Linearity study verifies that the sample solutions are
column) and tailing factor were observed to be satisfactory. in the concentration range where the analyte response is

-Sr?/zlt(;ri suitability parameters of DRF-4367 and Phenol red, average of nine readings

Sample name RT USP tailing USP plate count Resolution K’

Individual DRF-4367 5.516t 0.015 1.150+ 1.418 56050+ 6.020 Not applicable 4.51¢ 0.015
Phenol red 4.22& 0.068 1.235+ 1.965 8432+ 2.520 3.228+ 0.091

Combination DRF-4367 5.514 0.010 1.030+ 1.312 55088+ 5.349 9.15% 1.359 4,510+ 0.014

Phenol red 4.247 0.095 1.232+ 1.537 8474+ 2.901 3.247+ 0.123
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Table 2 Samples of DRF-4367 and Phenol red were divided into
Linearity parameters of the HPLC analytical method of DRF-4367 and Phe- three |ots. one set injected for analysis as 0 h samples, second
nol red held on bench top at experimental conditions for 24 h and
third subjected to three cycles of freezing and thawing. All the
DRF-4367 Phenolred  Studies were carried out at three concentration levels, high,

Parameter DRF-4367 Phenol red Combination

Range gg/m))  10-200 10-200 10-200 10-200 intermediate and low. The results analyzed as % R.S.D. of
Intercept 18907 286457 226657 651752 the test determinations against mean with Oh are given in
Slope 54296 68694 59817 56918 Table 3 The highest value of % R.S.D. was found to be 1.7

2 0.99998 0.9994 0.9982 0.9848 in case of bench top and 2.36 for freeze thaw studies and

expresses suitability of storage. The detailed results at every

linearly proportional to the concentration. The linearity study Concentration level are given rable 3

was carried out in range of 10—20@/ml covering the pos-

sible concentration range in perfusate analysis deduced from3-5. Recovery

initial trial experimentsTable 2describes regression statis-

tics obtained for the various analytical tests. The linearity of ~ Recovery is a measure of the extent of analyte recovered
the method was observed in expected concentration rangetrom the test matrix so as to minimize the errors of loss in
demonstrating suitability for the analysis. The goodness of €xtraction, amounting to errors in the experiment. Recovery
the fit (2) was found to be 0.99998 for DRF-4367, 0.9994 studies were performed by spiking a known concentration of

for Phenol red individually and 0.9982 for DRF-4367,0.9848 analyte in the matrix and the extent recovered in analysis is
for Phenol red in combination. translated to percent recovered. Recovery studies with DRF-

4367 and Phenol red in ratintestinal perfusion matrix indicate
the steps involved from point of sample collection to analysis
do not deviate much from the permitted limits. The highest
value of % R.S.D. was found to be 1.84 in all casesble 3
gives the detailed results of recovery.

3.3. Precision

3.3.1. System and method precision

System and method precision were evaluated prior to con-
ducting validation studies. Injecting multiple samples from
the same homogenous solution indicates the performance of ) .
the system excluding possibility of all other variations. The 4 Applicability
% R.S.D. of the measurements was in all cases found to be ) ) ) .
less than 0.3. Method precision measures the closeness of validated analytical method was applied for rat in situ
analytical results when six separately prepared standards ardtestinal perfusion study to assess intestinal permeabil-

injected. The % R.S.D. was found to be less than 1.5 in all ity of DRF-4367. The study was carried out in male
cases. The detailed results are giveTable 3 The values ~ SPrague-Dawley ratsng6) at S0ug/ml of DRF-4367
indicate that the method is precise. (molecular wt=441.42 and 50g/ml of Phenol red. The

study protocol was approved by in-house animal ethical com-
mittee. Both DRF-4367 and Phenol red were formulated in
0.16% HEBCD. Inlet and outlet samples were processed and
analyzed for DRF-4367 and Phenol red. The concentration
of DRF-4367 and Phenol red in the processed outlet per-
fusate was in the range 15-2§/ml. The difference of the

oncentration of Phenol red was attributed to the flux of wa-
ter and corresponding concentration correction of DRF-4367

3.3.2. Inter day and intra day precision
The degree of reproducibility of the method when sam-
ples are analyzed over period of time is measured in terms of
intra day and inter day precision. Chromatographic peak ar-
eas of the analysis were used as comparative parameter. Th
concentrations were deduced from the linearity plots. The
. 0 -
highest value of % R'S'D' a“a'ys's was found to be 1.64_for_ was carried out. The permeability coefficient of DRF-4367
selected concentrations for inter day measurements, while it. -
. is calculated using Ed1).

was found to be 1.89 for intra day measurements. The values
indicated that the method is accurate and precise. The resultsP qgi | (Ci CMO) ((CMi/CMO) - 1)

CoCwi IN(Cwmi / Cmo)

are given inTable 3 - LEp

whereC; andC, are inlet and outlet concentrations of DRF-
4367 whileCy;; andCy are inlet and outlet concentrations
of Phenol redg;, L and Ep represent volumetric flow rate
The suitability of holding samples on the bench top during of perfusate, length and perimeter of the intestinal segment

the study, storage at frozen conditions and thawing prior to perfused, respggtl\éely. 1

processing was evaluated with an aim to address possible The term(%) corresponds to the volumetric
unanticipated issues necessitating storage or holding of thechange of the water and is always around 1 ranging from
samples after experiment prior to sample processing. 0.924 to 1.163. It is here that the concentration of the

1)

3.4. Bench top holding and freeze thaw storage
suitability



Table 3

Experimental value of mean concentration S.D. and % R.S.D. given for validation parameters of DRf-4367 and Phenol red

Study Concentrationindividual Combination
/ml
(pg/m) Mean (DRF- % R.S.D. Mean (Phenol % R.S.D. Mean(DRF % R.S.D. Mean(Phenol % R.S.D.
4367+ S.D.) red+S.D.) 4367+ S.D.) redtS.D..)
System precision 100 100.37 1003.7 010 100.75+ 2418.0 024 98.69+ 2862.0 029 100.46+ 2310.6 0.23
Method precision 100 100.68 12081.6 120 99.35+ 8643.5 087 100.66+ 9562.7 095 100.11+ 14015.4 1.40
Inter day 10 10.15- 284.2 028 9.82+ 1080.2 110 9.89+ 563.7 057 10.01+ 210.2 0.21
25 25.00+ 475.0 019 24.90+ 3461.1 139 24.61+ 2756.3 112 24.73+ 2769.8 112
50 49.69+ 8149.2 164 49.86+ 648.2 013 50.75+ 4009.3 079 49.88+ 6434.5 1.29
100 99.51+ 6070.1 061 99.52+ 4179.8 042 99.67+ 3687.8 037 100.24+ 5513.2 0.55
Intra day 10 9.84t 196.8 020 9.75+ 487.5 050 9.93+ 665.3 067 9.85+ 768.3 0.78
25 25.18+ 3021.6 120 25.23+ 756.9 030 25.07+ 1228.4 049 25.50+ 1683.0 0.66
50 50.36+ 9518.0 189 50.51+ 2626.5 052 50.50+ 909.0 018 50.01+ 3100.6 0.62
100 99.80+ 12974.0 130 99.72+ 3789.4 038 99.65+ 1694.1 017 99.90+ 6393.6 0.64
Recovery 10 9.8% 1523.0 154 9.92+ 1349.1 136 9.84+ 1535.0 156 9.94+ 1828.9 1.84
25 24.67+ 2343.7 095 25.42+ 1143.9 045 25.14+ 2815.7 112 24.85+ 2609.3 1.05
50 50.04+ 2201.8 044 50.14+ 1604.4 032 50.12+ 4861.6 097 50.33+ 4429.0 0.88
Bench top 10 10.0% 690.7 069 10.17+ 203.4 020 10.10+ 1717.0 170 10.04+ 1656.6 1.65
25 25.02+ 525.4 021 24.80+ 1041.6 042 24,39+ 3121.9 128 24.63+ 1527.1 0.62
50 50.35+ 5337.1 106 50.13+ 551.4 011 49.93+ 2895.9 058 100.46+ 2310.6 0.46
Freeze thaw 10 10.1F 996.7 098 10.23+ 797.9 078 10.27+ 1006.5 098 100.11+ 140154 0.78
25 25.67+ 2746.7 107 25.55+ 2631.7 103 25.88+ 2769.2 107 10.01+ 210.2 1.03
50 50.29+ 11868.4 236 49.83+ 2142.7 043 50.15+ 11835.4 236 24,73+ 2769.8 0.47

8.1
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